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Introduction {#sec001}
============

Problem solving is "cognitive processing directed at achieving a goal when no solution method is obvious to the problem solver" (p. 287) \[[@pone.0130570.ref001]\]. As an important component of mathematical problem solving, Word problem solving (WPS) "involves knowledge about semantic construction and mathematical relations as well as knowledge of basic numerical skills and strategies" (p. 1) \[[@pone.0130570.ref002]\]. For example, a word problem often presents a story (e.g. "Xiaoming bought five pencils, and Xiaohong took three of them. How many pencils does Xiaoming have now?"). Learning how to solve word problems has long been difficult for students and has gained attention in the field of mathematical development \[[@pone.0130570.ref003]\].

Mathematical problem solving is shaped by affective and cognitive factors \[[@pone.0130570.ref004] -- [@pone.0130570.ref006]\]. Mathematics anxiety (MA) was one of the first affective features which were systematically investigated in the mathematics learning domain \[[@pone.0130570.ref007]\]. Richardson and Suinn (p. 551) \[[@pone.0130570.ref008]\] define MA as "involving feelings of tension and anxiety that interfere with the manipulating of numbers and the solving of mathematical problems in a wide variety of ordinary life and academic situations." The Mathematics Anxiety Rating Scale (MARS) measures MA in adults and is popular among educators \[[@pone.0130570.ref009]\]. The Mathematics Anxiety Scale for Children (MASC) \[[@pone.0130570.ref010]\] is developed based on the MARS, and used to measure MA in children. MA is an important factor that impedes one's mathematical problem solving success \[[@pone.0130570.ref011]\]. High levels of anxiety were found to be related to less efficient mathematical problem solving \[[@pone.0130570.ref006]\].

In recent years, researchers have made concerted efforts to identify and understand the cognitive mechanisms that underlie children's word problem solving. Such mechanisms include working memory, processing speed, executive functioning, etc. (e.g. \[[@pone.0130570.ref012]--[@pone.0130570.ref014]\]) Among various cognitive resources which have been theoretically and empirically investigated in relation to WPS, early research findings have highlighted that metacognition develops alongside general cognitive ability and might be even more effective than general aptitude in predicting mathematics performance \[[@pone.0130570.ref015]--[@pone.0130570.ref017]\].

The classical concept of metacognition consists of three primary components, i.e. metacognitive knowledge, metacognitive experience, and metacognitive skills \[[@pone.0130570.ref018]\]. Here, we used Panaoura and Philippou's concepts \[[@pone.0130570.ref019]\]. These concepts were consistent with the scale that used to measure mathematical metacognition in the present study. They \[[@pone.0130570.ref019], [@pone.0130570.ref020]\] considered metacognition as mainly indicative of awareness (e.g. self-image) and the monitoring of one's own cognitive system and its functioning (e.g. self-regulation). As a component of metacognitive knowledge, self-image concerns personal strengths and limitations relative to the abilities of others. Self-image-related terms include self-consciousness and self-evaluation (e.g. pupils' beliefs about, and self-efficacy with respect to, their abilities) \[[@pone.0130570.ref019], [@pone.0130570.ref020]\]. Characterized by the processes of coordinating and steering cognition, self-regulation reflects the ability to strategically use cognitive knowledge to achieve cognitive goals, particularly when cognitive obstacles need to be overcome \[[@pone.0130570.ref019], [@pone.0130570.ref021]\]. They also suggested that strategies and motivation are two more dimensions of metacognitive ability, although self-image and self-regulation had a relatively strong relationship with metacognitive performance \[[@pone.0130570.ref019]\]. Strategies concerned the approaches pupils used in order to monitor the problem solving process. Using strategies is an important metacognitive skill. Finally, motivation refers to eliciting pupils' beliefs about their efforts, about their will on their performance, and about the impact of their parents and teachers. Motivation is an important energizing factor of metacognition and can activate the self-regulation process.

A number of studies (e.g. \[[@pone.0130570.ref022]--[@pone.0130570.ref024]\]) have explored the effect of metacognition on mathematical problem solving. The meta-skills of children in grades 3 and 4 are strongly related to their numerical and geometrical problem solving abilities \[[@pone.0130570.ref022]\], and metacognitive ability also predicts performance in a WPS task \[[@pone.0130570.ref021], [@pone.0130570.ref024]\]. Moreover, metacognition can be trained to improve WPS ability \[[@pone.0130570.ref025], [@pone.0130570.ref026]\].

In summary, metacognition and MA are important cognitive and affective variables that are related to students' mathematical performances and mathematical problem solving. What is not so clear is how MA and metacognition to be related to mathematics problem solving performance. Some research supports the conclusion that MA may impede mathematics performance by affecting cognitive process \[[@pone.0130570.ref027]--[@pone.0130570.ref029]\], but only a few studies have explored the relationship between MA and metacognition in learning: Students who experienced lower anxiety used more metacognitive regulation \[[@pone.0130570.ref030], [@pone.0130570.ref031]\]. Children with positive beliefs about social support experienced much less math anxiety than those who did not \[[@pone.0130570.ref032]\]. The attribution of failure or success may also be correlated to test anxiety \[[@pone.0130570.ref033]\].

Additional research examined the influences of test anxiety and metacognitive word knowledge on reading comprehension performance \[[@pone.0130570.ref034]\]. This study found that test anxiety exerts a negative influence on students\' metacognitive performances \[[@pone.0130570.ref034]\]. Although that experiment focused on the reading domain, its results suggest that metacognition and anxiety are related to performance in other learning domains. Recently, Legg and Locker \[[@pone.0130570.ref035]\] measured metacognitive awareness and mathematics anxiety in adults. They hypothesized that individuals with high metacognition and high mathematics anxiety would tend to display poorer mathematics performance. However, the results showed that at high anxiety levels, individuals performed increasingly worse as their metacognition scores decreased, but the performance did not differ at low anxiety levels regardless of the level of metacognition. However, this study did not investigate the holistic relationship between MA, mathematical metacognition, and mathematical problem solving in children.

The relationship between MA, metacognition, and mathematical performance may be multi-directional. For example, MA may lead to poor mathematical performance and vice versa in the longitudinal view. For example, Ma and Xu \[[@pone.0130570.ref036]\] used longitudinal panel analysis throughout junior and senior high school. They found prior mathematics achievement to be negatively related to later mathematics anxiety. Jansen et al. \[[@pone.0130570.ref037]\] used a computer-adaptive program that adjusted the difficulty of each problem to the individual's ability level to manipulate children's experience of success in mathematics. They did not find that experiencing mathematical success affected the level of mathematics anxiety.

In the current study, our purpose was to determine whether (a) mathematics anxiety was negatively related to word problem solving; (b) metacognition could counter this negative relation; or (c) a potential compensatory relationship between metacognition and mathematics anxiety on WPS might exist in children. We tested the path model of "MA-\> metacognition-\> WPS", and predicted that metacognition would mediate the relationship between MA and children's WPS performance.

This path model was to some extent inspired by Kulm's model for attitude-behavior relationships \[[@pone.0130570.ref038]\]. Kulm developed the model as a source of hypotheses for research on attitudes toward mathematics. Hypotheses generated from the model have a general form: "Hypothesis: Given attitude factor A (+ or-), mediating factor B (+ or-), and learning situation C (+ or-), the subject\'s response will be (positive or negative)" (p. 380) \[[@pone.0130570.ref039]\]. Although attitude is not the same as emotional factors, and although aspects of the learning situation, such as children's perception of the importance of the task were not measured, this model inspired the current investigation of the relationship among negative attitudes and emotion (anxiety about mathematics), mediating factors such as mathematical metacognition, and specific behavioral responses (word problem solving performance).

After investigating the relationship between MA, mathematical metacognition, and WPS, we examined MA and metacognitions of the children at four mathematical learning achievement levels, i.e. high achieving (HA), typical achieving (TA), low achieving (LA), and exhibiting mathematical learning difficulty (MLD).

Mathematical learning difficulty refers to a specific learning deficit that affects the normal acquisition of mathematical skills \[[@pone.0130570.ref040]\], and a preponderance of researchers have relied on standardized achievement tests often in combination with measures of intelligence (IQ), to identify MLD \[[@pone.0130570.ref041]\]. Although the criteria for identifying children with MLD remain unresolved, researchers commonly use cutoff scores on standardized achievement tests for grouping \[[@pone.0130570.ref042], [@pone.0130570.ref043]\]. The current study used standardized mathematics achievement scores to define the four mathematics achievement groups.

A number of studies have shown that MLD children exhibit poorer WPS abilities than do their typical peers \[[@pone.0130570.ref023], [@pone.0130570.ref044], [@pone.0130570.ref045]\], and that they are typically poor mathematical problem solvers with restricted cognitive and metacognitive knowledge \[[@pone.0130570.ref017], [@pone.0130570.ref046], [@pone.0130570.ref047]\]. MLD children tend to overestimate their mathematics abilities \[[@pone.0130570.ref048], [@pone.0130570.ref049]\], to respond impulsively, to fail to verify or evaluate answers, and to settle for the first answer in mathematics tasks \[[@pone.0130570.ref045]\]. Moreover, these children use fewer metacognitive strategies and exhibit more nonproductive behaviors than do high achievers, when solving mathematics problems \[[@pone.0130570.ref017], [@pone.0130570.ref047]\]. Desoete, Roeyers, and Buysse \[[@pone.0130570.ref050]\] argued that above-average mathematical problem solvers did better on metacognitive knowledge (declarative, procedural, and conditional knowledge), skill (prediction, planning, monitoring, and evaluation skills), and attribution to effort than average performers, yet only prediction and evaluation skills can differentiate children with MLD from their average performing peers. Prediction skill was measured by asking children to look at exercises without solving them and to predict whether they would be successful in this task, and evaluation skill refers to self-judging the answers and to the process of arriving at these answers. In some reports \[[@pone.0130570.ref050], [@pone.0130570.ref051]\], the majority of children with MLD in Grade 3 made inaccurate predictions and exhibited evaluation skills insufficient for word problems that involve language-related and mental representation tasks.

Furthermore, Rosenzweig et al. \[[@pone.0130570.ref017]\] found that the students with learning difficulties (LD) had significantly more nonproductive metacognitive verbalizations than both the low and average achievers on difficult problems. This suggests that students with LD might not have the metacognitive resources (ability to self-monitor, self-instruct, self-question, and self-correct statements/questions directly related to solving the problem) available to apply to the tasks that their low achieving peers have, when confronted with problems that are difficult or that they perceive to be difficult.

In the current study, we distinguished LA from MLD for the following reasons. In some studies, the children in the lowest 25% (the highest cutoff criterion was the 46^th^ percentile) were placed in the MLD group \[[@pone.0130570.ref044], [@pone.0130570.ref052]\]. Some researchers \[[@pone.0130570.ref053]\] believe that studies with high cutoffs may actually measure causes of low math achievement rather than causes of MLD. In the longitudinal view, the growth rate of mathematical and math-related skills in these two groups may differ \[[@pone.0130570.ref043]\]. Although the current study did not investigate the rate of development of mathematical ability in the two groups, the existence of any difference between the LA group (children who typically scored between the 11^th^ and 25^th^ percentiles on mathematical achievement performance) and the MLD group (children who scored at or below the 10^th^ percentile) related to metacognitive and affective features. We also hoped that these data may offer information on the selection of children for special education or related interventions.

Additional studies have examined the relationship between anxiety and learning difficulty. A meta-analysis of 58 empirical studies on school-aged students revealed that the learning disabled individuals suffered more trait anxiety (defined as general anxiety that is stable over time and across settings) than did their typical peers and that their level of test anxiety was significantly related to reading and mathematics achievement scores \[[@pone.0130570.ref054], [@pone.0130570.ref055]\]. According to the definition of mathematical anxiety, MA may both reflect the anxiety aroused in an assumed test situation and the anxiety of children's ordinary life related to mathematics. Early research \[[@pone.0130570.ref038]\] suggested that mathematics anxiety may be positively related to test anxiety and this correlation seemed to be stronger than that of mathematical anxiety and trait anxiety. Recently, Wu et al. \[[@pone.0130570.ref056]\] conducted a study in which they did not find any relationship between mathematics anxiety and trait anxiety in second and third graders.

Test anxiety should be measured in certain test situations, and the level of test anxiety may vary with the interval between the time of the test anxiety measurement and the tests. Trait anxiety may be harder to mediate over the short term via metacognition on word problem solving than the other two types of anxiety. Considering these reasons, we focused on mathematical anxiety. Because MLD is likely to show some of the same characteristics as other forms of LD, we therefore expected that the MLD children would experience higher levels of MA and lower levels of mathematical metacognition compared to their typical peers.

Accordingly, the goal of the present research was to answer two specific research questions. First, we investigated the mediating role of mathematical metacognition between the relationship of mathematics anxiety and word problem solving. Second, we divided the children into four mathematical achievement groups, and investigated group differences in mathematical metacognition and mathematics anxiety.

Methods {#sec002}
=======

Ethics Statement {#sec003}
----------------

This research was approved by the local ethical committee of Beijing Normal University. We obtained informed written consent from the next of kin, caretakers, or guardians on behalf of the minors/children participants involved in the study according to the institutional guidelines of Beijing Normal University.

Participants {#sec004}
------------

We tested 224 10-year-old Chinese children (116 boys, *M* = 10.15 years old, *SD* = 0.56) in the fourth grade from three elementary schools. All of the children were of medium socioeconomic status, and their monthly family incomes near or slightly above national averages. We used this sample to test the mediating effect of metacognition. Because the definition of MLD emphasized children of normal intelligence \[[@pone.0130570.ref057]\], we excluded 7 children of extremely low non-verbal intelligence score (see below), leaving a sample of 217 for grouping.

The present study focused on the children who met the following criteria across two successive semesters. We considered a child's standardized mathematical achievement scores consistent, if those scores fell within the same range (specified below) over one year and fell within the 95% confidence intervals for that range throughout the year. We used the consistent mathematical achievement scores across the year for grouping for the following reasons. Some studies \[[@pone.0130570.ref052]\] used a single mathematical achievement score to identify the children with MLD, but some others \[[@pone.0130570.ref058]\] suggested that these criteria may lead to false positives. In these cases, children will be classified as MLD who in fact typically show improved achievement scores in later grades. More recently, while some studies \[[@pone.0130570.ref059]\] still use one mathematical achievement score to identify children with MLD, others \[[@pone.0130570.ref060]\] have begun to use longitudinal analysis to collect children's mathematical achievement scores for two or more years. If children consistently fell into the same range, they were classified into the same group. In this way, although the present study was not a longitudinal study, in order to reduce the possible biases that one mathematical achievement score might have, we used two mathematical achievement scores to classify children.

We used cut-off scores on standardized mathematics achievement tests as a proxy classification. Eighteen children (12 boys) met the criteria for MLD due to mathematical achievement scores that fell at or below the 10^th^ percentile. We selected this percentile to align with the reported prevalence of MLD (\~6--11%) \[[@pone.0130570.ref061], [@pone.0130570.ref062]\], and this same cut-off point has been used in many previous investigations \[[@pone.0130570.ref051], [@pone.0130570.ref061], [@pone.0130570.ref062]\]. Further, 28 children (11 boys) met the low achieving (LA) criteria, with scores between the 11^th^ and 25^th^ percentiles. This range for LA children was used in some research (e.g. \[[@pone.0130570.ref063]\]). Although the 25^th^ percentile was used in some earlier research as the criterion for MLD \[[@pone.0130570.ref052]\], that value is inconsistent with reported MLD prevalence and may obscure underlying differences. Additionally, 151 children (78 boys) met typically achieving (TA) criteria, with scores between the 25^th^ and 95^th^ percentiles, and 18 children (10 boys) met the high achieving (HA) criteria, with scores above the 95^th^ percentile. The 95^th^ percentile was selected for subgrouping HA children because it is a commonly used criterion for school placement in gifted and talented programs, and has been used in earlier studies of HA students \[[@pone.0130570.ref064], [@pone.0130570.ref065]\].

Materials and procedure {#sec005}
-----------------------

In January, we first measured children's verbal intelligence individually. Then, two days later, we assessed children's non-verbal intelligence in six different classes from three primary schools (the number of children in each class ranged from 33 to 47). We also recorded the pupils' first final mathematics test performances. One month after the first final mathematics test, their metacognitive abilities in mathematics and their MA scores were recorded. One day later, we administered the WPS test. This time interval may help reduce the possible influence of math achievement task on children's mathematical metacognition and MA scores. Finally, we collected the second final mathematics test scores in July. All tests except the verbal intelligence test were administered collectively in children's classrooms. Materials were all presented in Chinese and that quotes from them in this paper are translations.

### Intelligence measures {#sec006}

The present study utilized the Chinese revised edition of Raven's Standard Progressive Matrices (RPM-CR) \[[@pone.0130570.ref066]\] to measure the participants' non-verbal intelligence. We administered the verbal comprehension subtests of the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV; Chinese Version) \[[@pone.0130570.ref067]\] to screen the children's verbal intelligence. The verbal and non-verbal intelligence scores were significantly correlated (*r* = .22, *p* \< .01). We excluded 7 children (5 boys, *M* = 10.19 years old, *SD* = 0.74) from the initial pool when grouping children into different mathematical achievement levels, because their Raven\'s matrices scores were in the bottom 5% based on Chinese National Raven's age-appropriate norms. This exclusion was based on the definition of MLD, which emphasized that those children have normal intelligence \[[@pone.0130570.ref057]\]. In addition, we compared both verbal and non-verbal IQ in the four achievement groups using multivariate analysis of variance (Manova). Group differences were significant for both verbal and non-verbal IQ, *F* (3, 213) = 72.42, *p* \< .001, ƞ~p~ ^2^ = .51, 1 - β = .98; *F* (3, 213) = 2.86, *p* \< .05, ƞ~p~ ^2^ = .04, 1 - β = .68. Because the results showed that these groups were not equivalent in general intelligence, it was necessary to control for IQ score.

### Mathematical achievement measures {#sec007}

We used the scores from the final mathematics examinations over the two previous semesters to evaluate the students' mathematical achievement. These two tests were developed by the Education Committee of the Haidian District of Beijing, and followed the Chinese mathematics curriculum standards for full-time compulsory education \[[@pone.0130570.ref068]\]. Total scores could range from 0 to 100 and examined numerical abilities (30 items, 60 points), visual-spatial abilities (10 items, 10 points) and mathematics application abilities (5 items, 30 points). The internal consistency reliabilities were high (Cronbach's α = .90, .92, and .88; respectively). The correlation of numerical abilities and visual-spatial abilities was non-significant (*r* = .11, *p* = .13), the correlation of numerical ability and mathematics application abilities was significant (*r* = .24, *p* \< .01), and the correlation of visual-spatial abilities and mathematical application abilities was also significant (*r* = .47, *p* \< .01). Because the visual-spatial abilities did not reflect the pure mathematical ability, we removed these scores before analysis and used the mean score of the two mathematical achievement scores in the data analyses (see [Results](#sec011){ref-type="sec"}). Both of the tests were conducted in the schools and administered by two teachers and one experimenter.

### Mathematical metacognition {#sec008}

We assessed mathematical metacognition using the Chinese revised-edition Questionnaire of Pupil's Metacognitive Ability in Mathematics, which was developed by Panaoura and Philippou \[[@pone.0130570.ref019]\] and revised by Hao et al. \[[@pone.0130570.ref069]\] This questionnaire contains 30 5-point Likert-type items (1 = never, 5 = always). Items evaluate the following four factors: Self-Image (Cronbach's α = .81), 7 items that examine the pupils' beliefs and self-efficacies about their abilities (e.g. "I know how to remember the knowledge of mathematics that I have learned"); Self-Regulation in Mathematics (α = .82), 7 items that examine the pupils' abilities to clarify the targets of problems, understand mathematical concepts, apply knowledge to generate solution strategies and monitor their progress toward solutions (e.g. "To solve the math problem, I\'ll try a variety of methods and then determine the final method"); Strategies (α = .90), 12 items that examine the strategies that the pupils use to solve problems and overcome cognitive obstacles (e.g. "I\'ll draw pictures to help myself to better understand difficult mathematical questions"); and Motivations (α = .68), 4 items that elicit the pupils' beliefs about the effects of their efforts and those of their parents and teachers on their performances (e.g. "Parents believe that I can learn math well"). Participants rate themselves with respect to each of the statements. The ratings for the items which made up each factor were averaged to give factor scores used in the statistical analyses. A confirmatory factor analysis (CFA) for the present data set indicated a good fit for a four-factor solution (*χ* ^2^ = 711.25, *df* = 399, *χ* ^2^/*df* = 1.78, *RMSEA* = 0.07, *CFI* = 0.97).

### Mathematics anxiety {#sec009}

We revised the Mathematics Anxiety Scale for Children (MASC) \[[@pone.0130570.ref010]\]. This scale contains 22 4-point Likert-type items (1 = never anxious, 4 = very anxious). An exploratory factor analysis on our revision yielded two factors consistent with Plake and Parker \[[@pone.0130570.ref070]\]. The first factor was labeled *Learning Mathematics Anxiety* (*LMA*). It was related to activities during learning or in the process of studying mathematics (e.g. watching a teacher solve an algebraic equation on the blackboard or listening to a lecture in a mathematics class). Cronbach's α for this factor was .84. The second factor was labeled *Mathematics Evaluation Anxiety* (*MEA*). It was related to evaluations of mathematic or statistical learning (e.g. being given a surprise quiz in a mathematics class). Cronbach's α for the second factor was .89. The ratings for items making up each factor were averaged to allow comparison. A confirmatory factor analysis indicated a good fit for a two-factor solution (*χ* ^2^ = 413.01, *df* = 208, *χ* ^2^/*df* = 2.04, *RMSEA* = 0.07, *CFI* = 0.94).

### Word problems {#sec010}

The children attempted to solve 10 word problems that required them to incorporate their knowledge of mathematics involved in scenarios that would have been familiar from their daily lives, and that depend on their knowledge about magnitude relationships. The word problem measures in the present study are a part of a standardized battery that measures children's mathematical abilities \[[@pone.0130570.ref071]\]. The problems included addition, subtraction, multiplication and division (for the full set of problems, Cronbach's *α* = .69), and all the problems were similar in size (e.g. 2-digit + 2-digit addition, etc.) An example of these questions is shown in [Fig 1](#pone.0130570.g001){ref-type="fig"}. Three elementary mathematics teachers who each had extensive teaching experience evaluated the difficulties of the problems based on a 5-point Likert scale (1 = quite easy, 5 = quite hard) and agreed that the average degree of difficulty was moderate (*M* = 2.67, *SD* = 0.24). The Kendall coefficient of concordance (*W*) among the teachers was .93. Participants were asked to compute each problem. Each participant was given two pieces of scratch paper, and they had free access to scratch paper. If the answer was correct, it earned one score point; otherwise, no point was awarded. Scores, therefore, could range from 0 (no problems solved correctly) to 10 (all problems solved correctly). The students had 45 minutes to solve the problems.

![Sample WPS tasks: *Kitty likes resting on the bench*, *and the bench is 45 cm high*.\
How high is the table?](pone.0130570.g001){#pone.0130570.g001}

Results {#sec011}
=======

Effects of MA and mathematical metacognition on WPS {#sec012}
---------------------------------------------------

We applied structural equation modeling using Mplus 7.0 to examine the hypothesized models. In the models, mathematical metacognition partially mediated the effect of MA on WPS after controlling for IQ. Because the correlation between the verbal IQ score and WPS was not significant (*r* = .12, *p* = .07), we only controlled for the non-verbal IQ score (*r* = .41, *p* \< .01).

We first evaluated the measurement model to assess whether latent variables were well represented by indicator variables. The confirmatory factor analysis was conducted with four latent factors and eight observed variables. The latent variable Metacognition was indexed by 4 indicators (Self-Image, Self-Regulation, Strategies, and Motivation). The latent variable MA was indexed by 2 indicators (Learning mathematics anxiety and Mathematics evaluation anxiety). WPS and non-verbal IQ were each represented by a single indicator with the error variance fixed to zero. The estimation of the measurement model revealed a satisfactory fit to the data: *χ* ^*2*^ = 36.18, *df* = 16, *χ* ^*2*^ */df* = 2.26, *RMSEA* = 0.075, *TLI* = 0.96, *SRMR* = 0.039, *CFI* = 0.98. All the factor loadings for the indicators on the latent variables were significant (*ps* \< .001) and the standardized factor loadings ranged from 0.70 to 0.95, indicating that all the latent factors were well represented by their respective indicators.

To test meant to assess the mediating role of mathematical metacognition between MA and WPS, we constructed a partially mediated model (Model 1) for all 224 participants (the partial correlation matrix is shown in [Table 1](#pone.0130570.t001){ref-type="table"}). In this model, mathematical metacognition partially mediated the effect of MA on WPS after controlling for the non-verbal IQ (see [Fig 2](#pone.0130570.g002){ref-type="fig"}).

![Partially mediated structural equation modeling of mathematics anxiety, mathematical metacognition, and word problem solving with IQ partialled out.\
MA = mathematics anxiety, LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety, WPS = word problem solving. \* *p* \< .05. \*\* *p* \< .01. \*\*\* *p* \< .001.](pone.0130570.g002){#pone.0130570.g002}
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###### Summary of the partial correlations, means, and standard deviations for scores on mathematical metacognition, mathematics anxiety, and word problem solving, after controlling for the Raven's Standard Progressive Matrices scores and verbal comprehension subtest scores.

![](pone.0130570.t001){#pone.0130570.t001g}

                                                                        1                                             2                                             3                                             4                                             5                                             6      7                                            8
  --------------------------------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- ------ -------------------------------------------- -------
  **1. Self-image**                                                     1                                                                                                                                                                                                                                                                                         
  **2. Self-regulation**                                                .80[\*\*](#t001fn003){ref-type="table-fn"}    1                                                                                                                                                                                                                                           
  **3. Strategies**                                                     .83[\*\*](#t001fn003){ref-type="table-fn"}    .86[\*\*](#t001fn003){ref-type="table-fn"}    1                                                                                                                                                                                             
  **4. Motivation**                                                     .62[\*\*](#t001fn003){ref-type="table-fn"}    .63[\*\*](#t001fn003){ref-type="table-fn"}    .67[\*\*](#t001fn003){ref-type="table-fn"}    1                                                                                                                                               
  **5. LMA**                                                            -.34[\*\*](#t001fn003){ref-type="table-fn"}   -.33[\*\*](#t001fn003){ref-type="table-fn"}   -.34[\*\*](#t001fn003){ref-type="table-fn"}   -.28[\*\*](#t001fn003){ref-type="table-fn"}   1                                                                                                 
  **6. MEA**                                                            -.37[\*\*](#t001fn003){ref-type="table-fn"}   -.39[\*\*](#t001fn003){ref-type="table-fn"}   -.44[\*\*](#t001fn003){ref-type="table-fn"}   -.31[\*\*](#t001fn003){ref-type="table-fn"}   .65[\*\*](#t001fn003){ref-type="table-fn"}    1                                                   
  **7. WPS**                                                            .18[\*\*](#t001fn003){ref-type="table-fn"}    .14[\*](#t001fn002){ref-type="table-fn"}      .14[\*](#t001fn002){ref-type="table-fn"}      .18[\*\*](#t001fn003){ref-type="table-fn"}    -.19[\*\*](#t001fn003){ref-type="table-fn"}   -.06   1                                            
  **8. Mathematics score** [^**a**^](#t001fn005){ref-type="table-fn"}   .28[\*\*](#t001fn003){ref-type="table-fn"}    .21[\*\*](#t001fn003){ref-type="table-fn"}    .19[\*](#t001fn002){ref-type="table-fn"}      .16                                           -.24[\*\*](#t001fn003){ref-type="table-fn"}   -.11   .28[\*\*](#t001fn003){ref-type="table-fn"}   1
  ***M***                                                               3.71                                          3.67                                          3.70                                          3.87                                          1.51                                          2.11   5.93                                         81.63
  ***SD***                                                              .84                                           .84                                           .82                                           .89                                           .44                                           .65    2.37                                         12.93

Self-Image, Self-Regulation, Strategies, and Motivation were four dimensions of the mathematical metacognition. LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety, WPS = word problem solving.

\**p* \< .05.

\*\**p* \< .01.

\*\*\**p*\< .001.

^a^. The mathematics score was the mean score of the two final mathematics achievement tests with the visual-spatial abilities question scores excluded.

Model 1 revealed a good fit to the data (*χ* ^*2*^ = 37.54, *df* = 18, *χ* ^*2*^ */df* = 2.08, *RMSEA* = 0.07, *TLI* = 0.97, *SRMR* = 0.05, *CFI* = 0.98). However, the standardized path coefficient from mathematics anxiety (MA) to word problem solving (WPS) was non-significant (*ß* = -0.04, *p* = .71), as was the path from Metacognition to word problem solving (*ß* = 0.13, *p* = .12). Consequently, a fully mediated model (Model 2) was tested (see [Fig 3](#pone.0130570.g003){ref-type="fig"}), which also exhibited a good fit to the data (*χ* ^2^ = 37.72, *df* = 19, *χ* ^2^/*df* = 1.99, *RMSEA* = 0.07, *TLI* = 0.97, *SRMR* = 0.05, *CFI* = 0.98). No significant Chi-square difference existed between Model 1 and Model 2, Δ*χ* ^2^ = 0.18, Δ*df* = 1, Δ*χ* ^2^/Δ*df* = 0.18, *p* \> .05. Because there was no significant difference between the models according to the fit indices, the parsimony of Model 2 suggested that its fit was more satisfactory.

![Fully mediated structural equation modeling of mathematics anxiety, mathematical metacognition, and word problem solving with IQ partialled out.\
MA = mathematics anxiety, LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety, WPS = word problem solving. \* *p* \< .05. \*\* *p* \< .01. \*\*\* *p* \< .001.](pone.0130570.g003){#pone.0130570.g003}

The results of Model 2 revealed a significant negative path from the latent MA variable to the latent variable Metacognition (*ß* = -0.51, *p* = .001) and a significant positive path from Metacognition to WPS (*ß* = 0.15, *p* = .02).

We generated 1,000 bootstrapping samples from the original data via random sampling. The indirect effect of metacognition from MA to WPS was -0.08, and the associated 95% confidence intervals were -0.14 to -0.012. The intervals did not overlap with zero; thus, Metacognition exerted a significant indirect effect on WPS via MA.

We also ran both the partially mediated model and fully mediated model with MA as a mediator, and these results are given in the Supporting Information ([S1 Table](#pone.0130570.s003){ref-type="supplementary-material"}, [S1 Fig](#pone.0130570.s001){ref-type="supplementary-material"} and [S2 Fig](#pone.0130570.s002){ref-type="supplementary-material"}). The Supporting Information shows that, in model 3 (the partially mediated model), the paths from the latent MA variable and Metacognition variable to WPS were non-significant. In model 4 (the fully mediated model), the path from MA to WPS was also non-significant. MA was not found to have any mediating effect.

Group differences in mathematical metacognition and MA {#sec013}
------------------------------------------------------

First, we used Hierarchical Regression Analyses to explore the prediction of mathematics achievement scores from mathematical metacognition and MA, when the effect of IQ was partialled out (see [Table 2](#pone.0130570.t002){ref-type="table"}). For the purity of the mathematics measure, the visual-spatial question scores were excluded. All the scores in the regression were standardized. Based on the fact that the prediction was significant, we employed analysis of covariance (ANCOVA) to compare the differences related to mathematical metacognition and MA among the MLD, LA, TA, and HA groups. In order to avoid bias due to the grossly larger number of TA participants, while maintaining a sample size adequate to insure statistical stability, we randomly selected 30 individuals from the TA group. We did this using the Rand (random number) function of the 2010 edition of Microsoft Excel to randomly select 30 subjects (14 boys, *M* ~age~ = 10.22 years) from the 151 participants in the TA group. [Table 3](#pone.0130570.t003){ref-type="table"} displays the means and standard deviations of the variable measures for the four groups.

10.1371/journal.pone.0130570.t002

###### Hierarchical Regression Analysis predicting mathematics achievement scores[^a^](#t002fn005){ref-type="table-fn"} from the mathematical metacognition and mathematics anxiety with the effect of IQ partialled out.

![](pone.0130570.t002){#pone.0130570.t002g}

                                 *R* ^2^   Δ*R* ^2^                                        *F*                                              β                                            *T*
  ------------ ----------------- --------- ----------------------------------------------- ------------------------------------------------ -------------------------------------------- ----------------------------------------------
  **Step 1**   IQ                0.47                                                      95.44[\*\*\*](#t002fn004){ref-type="table-fn"}                                                
  **Step 2**                     0.51      0.04[\*\*\*](#t002fn004){ref-type="table-fn"}   35.99[\*\*\*](#t002fn004){ref-type="table-fn"}                                                
               Self-image                                                                                                                   0.20                                         2.27[\*](#t002fn002){ref-type="table-fn"}
               Self-regulation                                                                                                              0.11                                         1.11
               Strategies                                                                                                                   -0.11                                        -1.00
               Motivation                                                                                                                   -0.03                                        -0.51
  **Step 1**   IQ                0.47                                                      95.44[\*\*\*](#t002fn004){ref-type="table-fn"}                                                
  **Step 2**                     0.50      0.03[\*\*](#t002fn003){ref-type="table-fn"}     52.10[\*\*\*](#t002fn004){ref-type="table-fn"}                                                
               LMA                                                                                                                          -2.51[\*](#t002fn002){ref-type="table-fn"}   -2.95[\*\*](#t002fn003){ref-type="table-fn"}
               MEA                                                                                                                          0.13                                         

Self-Image, Self-Regulation, Strategies, and Motivation were four dimensions of the mathematical metacognition. LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety.

\**p* \< .05.

\*\**p* \< .01.

\*\*\**p* \< .001.

^a^. The mathematics achievement score was the mean score of the two final mathematics achievement tests with the visual-spatial abilities question scores excluded.

10.1371/journal.pone.0130570.t003

###### Means and standard deviations for four mathematics achievement groups on measures of mathematical metacognition, mathematics anxiety and word problem solving.

![](pone.0130570.t003){#pone.0130570.t003g}

                        MLD (n = 18)   LA (n = 29)   TA (n = 151)   TA sub-sample (n = 30)   HA (n = 19)
  --------------------- -------------- ------------- -------------- ------------------------ -------------
  **Self-Regulation**   3.25 (0.76)    3.52 (0.79)   3.66 (0.85)    3.84 (0.72)              4.03 (0.85)
  **Strategies**        3.50 (0.82)    3.57 (0.88)   3.66 (0.82)    3.84 (0.71)              3.94 (0.89)
  **Motivation**        3.75 (0.94)    3.59 (1.01)   3.86 (0.86)    4.07 (0.64)              4.09 (1.04)
  **LMA**               1.97 (0.53)    1.66 (0.39)   1.57 (0.44)    1.55 (0.42)              1.54 (0.51)
  **MEA**               2.21 (0.56)    2.23 (0.72)   2.06 (0.62)    2.16 (0.74)              2.03 (0.64)
  **WPS**               4.28 (2.14)    6.83 (1.89)   6.01 (2.29)    5.97 (3.11)              6.47 (2.39)

Note. LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety. WPS = word problem solving. MLD = mathematical learning difficulty, LA = low achieving, TA = typical achieving, HA = high achieving. Self-Image, Self-Regulation, Strategies, and Motivation were four dimensions of the mathematical metacognition. Mean comparisons of all the statistics above between these two TA groups were similar; *F* values ranged from 0.01 to 1.56, and the probability values ranged from .21 to .92.

### Group differences in mathematical metacognition {#sec014}

The regression analysis above ([Table 2](#pone.0130570.t002){ref-type="table"}) showed that Self-image significantly predicted mathematics achievement. Based on these results, we conducted an ANCOVA, using the mathematics achievement groups as the independent variable and the self-image scores as the dependent variable. When controlling for IQ, the main effect of mathematics achievement group was significant, *F* (3, 211) = 3.84, *p* \< .05, ƞ~p~ ^2^ = .11, 1 - β = .81. Post hoc comparisons using the least significant differences (LSD) procedure with an alpha value of .05 revealed that the self-image in children with MLD (*M* = 3.21) was significantly lower than TA and HA groups (*M* ~TA~ = 3.76, *p* = .005; *M* ~HA~ = 3.98, *p* = .001). The difference between the MLD and LA groups was approaching significance (*M* ~LA~ = 3.54, *p* = .05). [Fig 4](#pone.0130570.g004){ref-type="fig"} shows these outcomes. We also used the entire TA group (*n* = 151) to run the ANCOVA, and the results showed that the group differences in self-image were significant, *F*(3, 211) = 3.77, *p* \< .05, ƞ~p~ ^2^ = .05, 1 - β = .81.

![Mean scores for all dimensions of the mathematical metacognition of four mathematics achievement groups.\
MLD = mathematical learning difficulty, LA = low achieving, TA = typical achieving, HA = high achieving. LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety.](pone.0130570.g004){#pone.0130570.g004}

### Group differences in Mathematics Anxiety (MA) {#sec015}

The regression analysis above ([Table 2](#pone.0130570.t002){ref-type="table"}) also showed that learning mathematics anxiety (LMA) can significantly predict mathematics achievement. So we conducted an ANCOVA using the mathematics achievement groups as the independent variable and LMA score as the dependent variables, IQ as a covariate. The main effect of group was approaching significance, *F*(3,90) = 2.67, *p* = .05, ƞ~p~ ^2^ = .08, 1 - β = .63. On average, the MLD group (*M* = 1.97) showed significantly higher LMA scores than did the LA group (*M* = 1.66, *p* = .018), the TA group (*M* = 1.55, *p* = .009), and the HA groups (*M* = 1.54, *p* = .015). The other groups were not significantly different from each other (*ps* \> .05). [Fig 5](#pone.0130570.g005){ref-type="fig"} shows those results graphically. We also conducted the ANCOVA using the entire TA group, and the results showed the significant main effect of mathematics achievement groups in LMA, *F*(3, 211) = 3.10, *p* \< .05, ƞ~p~ ^2^ = .04, 1 - β = .72.

![Mean scores for the dimensionalities of MA of four mathematics achievement groups.\
MLD = mathematical learning difficulty, LA = low achieving, TA = typical achieving, HA = high achieving. LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety.](pone.0130570.g005){#pone.0130570.g005}

Discussion {#sec016}
==========

Zan et al. have argued that "the most important problem for research on affect in mathematics is the understanding of the interrelationship between affect and cognition" (p.117) \[[@pone.0130570.ref072]\]. The current study revealed that mathematical metacognition mediated the relationship between children's MA and word problem solving (WPS), after controlling for IQ. Regarding the group differences in mathematical metacognition and MA, the LA children exhibited lower levels of LMA than the MLD children with IQ partialled out. Moreover, the MLD children exhibited deficits in self-image, and LMA, but not MEA, compared to the TA and HA students.

Research in the domain of reading has revealed that test anxiety has a harmful effect on metacognitive word knowledge and influences performance in reading comprehension tasks \[[@pone.0130570.ref034]\]. Research in the mathematical domain has also found that individuals with higher anxiety benefit from having higher levels of metacognition when performing mathematical tasks \[[@pone.0130570.ref035]\]. Our results showed MA to be negatively related to the mathematical metacognition of 10-year-old children and subsequently related to WPS performance. This finding provides insight into factors that may mediate poor WPS performance which emerged under pressure in mathematics. This mediation effect also suggests that metacognition can counter the negative or stressful perceptions in mathematical performance.

It is worthy to note that the relationship among mathematics anxiety, metacognition, and word problem solving is complicated. First, in the longitudinal view, prior mathematical performance may be related to later mathematics anxiety \[[@pone.0130570.ref036]\]. However, there is also the possibility that mathematics anxiety may exist when children begin to learn mathematics in a formal academic setting \[[@pone.0130570.ref056]\]. In the present study, the mathematics anxiety measured here was a general fear or tension associated with anxiety-provoking situations that involve interaction with math in a wide variety of ordinary situations. The development of such anxiety may be related more globally to poor math performance instead of only word problem solving performance. It is here proposed that testing the "WPS-\> MA-\> metacognition" or "WPS-\> metacognition-\> MA" or "metacognition-\> WPS---\> MA" direction path models may be more valuable in longitudinal studies.

Second, the relationship "MA-\> WPS-\> metacognition" may also exist. Mathematics anxiety may be negatively related to WPS and may impact children's mathematical metacognition. However, the mathematical metacognition we measured was a self-assessment on general metacognition about mathematical learning, and we measured it before WPS. Both MA and metacognition may have deep developmental origins (perhaps construed as trait variables) and short term origins (perhaps construed as state variables). Note that testing word problem solving may have only short-term effects, and the prediction that WPS would lead to metacognition could not be explained.

Third, even though the arrows in Kulm's model mentioned in the introduction started from attitude, we acknowledged that attitudes are important both as independent and dependent variables. Similarly, metacognition might predict mathematics anxiety, and it might be related to WPS. However, only a few previous works have reviewed metacognition as it is related specifically to mathematics anxiety, and research about these three variables is sparse.

Jain and Dowson used structural equation modeling and found self-efficacy to be a mediating variable between self-regulation and mathematics anxiety \[[@pone.0130570.ref031]\]. That study was cross-sectional, although the aim was to find causal ordering. Consequently, the conclusion should be interpreted cautiously. As previously mentioned, Legg and Locker found that metacognition appeared to reduce the impact of anxiety on performance \[[@pone.0130570.ref035]\]. This work did not offer a holistic statistical analysis of the three variables. Another cross-cultural study \[[@pone.0130570.ref073]\] also showed a relationship between test anxiety and mathematical self-concept. Participants from Korea and Japan demonstrated low mathematical self-concept and high mathematics anxiety despite their high mathematical performance scores.

Past research includes investigations of the relationship between metacognition and anxiety, but existing studies have come to conflicting conclusions regarding the relationship among the three variables evaluated here. The purpose of the present study was to offer information regarding the role of metacognition in the relationship of MA and WPS. Considering the possibility of prediction from metacognition to anxiety, we ran the path models of "metacognition-\> MA-\> WPS" (see [S1 Table](#pone.0130570.s003){ref-type="supplementary-material"}, [S1 Fig](#pone.0130570.s001){ref-type="supplementary-material"} and [S2 Fig](#pone.0130570.s002){ref-type="supplementary-material"}), but the results did not show any mediating effect of MA on the relationship between metacognition and WPS.

In addition, many investigations have focused on cognitive deficits in children with MLD and their LA peers (e.g. \[[@pone.0130570.ref074], [@pone.0130570.ref075]\]), but there has been little or if any progress toward elaborating emotional functioning in these two groups \[[@pone.0130570.ref044]\]. Comparisons between MLD and LA students in the present study showed some intriguing differences. The children with MLD showed higher LMA and lower self-image than did those in the LA group. Because the difference in self-image between MLD and LA group was almost significant, caution should be used when generalizing the result. These results indicated that these two groups should not be conflated \[[@pone.0130570.ref042]\]. The present findings also suggest that one benefit of mathematical metacognition may be related to promoting beliefs about, and feelings of self-efficacy with respect to, the MLD children's mathematical abilities. Moreover, helping MLD children reduce anxiety during the mathematics learning process should be incorporated into future interventions.

Results in the children with MLD also showed that MA and metacognition related to mathematical performance. They exhibited lower self-image, but higher levels of LMA, than did their TA and HA peers. Children classified with mathematical learning difficulty at some point experienced considerable failure and negative competence feedback at school. These experiences would likely be internalized and represented in a more negative view of self \[[@pone.0130570.ref076]\]. Our results showed self-image to be a powerful variable related to children's mathematics performance. Self-image may reflect a wide range of related variables. Some studies have suggested that self-image is related to extended effort and persistence \[[@pone.0130570.ref077]\]. Individuals with higher mathematical self-image may interact with their teachers more frequently and may spend more time on tasks than students with lower self-concepts \[[@pone.0130570.ref038]\]. Because these variables behind self-image, such as interaction with teachers, may also be related to children's performance, further research is needed to control these variables and explore the relationship between self-image and mathematical performance.

In the present study, no group differences were observed with respect to self-regulation, strategies, or motivation. We did not measure children's strategies and self-regulation when they were doing mathematics tasks. Instead, we measured their general mathematical metacognitive strategies and self-regulation ability. For example, children had to evaluate situations in which "after I finish mathematics assignments, I review the main points in order to make sure I did learn the new knowledge." Such strategies represented the basic strategies children used when facing similar supposed situations. It is possible that the basic strategies in children with MLD were sufficient, but when they were performing real mathematical tasks, the tasks may require more detailed and flexible strategies to monitor, adjust, and reflect upon the problem-solving process. These specific strategies may show differences among four mathematics achievement groups. The results suggested that determining the specificity of the metacognitive strategies used (general/specific) may be a useful way to identify children with MLD in the future.

Meanwhile, in the present study, children's motivation to engage in mathematical learning reflected the impacts of their parents and teachers. For example, children were asked to rate the statement "my parents asked me to learn mathematics thoroughly." Chinese parents and teachers tend to push children hard \[[@pone.0130570.ref078], [@pone.0130570.ref079]\], and this might be one of the reasons why the levels of motivation in the four achievement groups showed little difference. However, more research is needed.

Higher LMA in the MLD group indicates that the students might worry about their mathematics learning processes. LMA is a type of dynamic anxiety that involves children applying cognitive resources to ruminating on anxious thoughts and thus limiting the cognitive capacities available to organize WPS strategies. The data also point to the conclusion that MLD children might feel more nervous and anxious due to the process of learning mathematics rather than due to other people's evaluations of them. Both the surroundings that are rich in mathematical information and mathematics problem solving settings may increase their anxious thoughts and then lower their performance. Indeed, recent research \[[@pone.0130570.ref080]\] has begun to focus on the early signs of LMA in young children in kindergarten, when these children view pictures of natural mathematics information in daily life and in situations involving simple mathematics. All of these findings are informative for schools in terms of the means by which to respond to the learning challenges of children, particularly children with MLD.

The results of the present study suggest a variety of avenues for potentially productive research, with additional possible practical applications. The present study used Chinese students. A few studies have shown that Confucian Asian students experience higher levels of mathematics anxiety and mathematics self-doubt than do students from other parts of the world \[[@pone.0130570.ref073], [@pone.0130570.ref081]\]. Because mathematics is a major key to success in so many fields, it is therefore easily conceivable that those affective elements impact mathematics learning, and possibly subsequent achievement in areas which rely on mathematics skills (e.g. traditional sciences, economics, and accounting). Even though the present study did not specifically test for cultural differences, there is a possibility that behavioral and psychosocial outcomes may differ across cultures, with special emphasis on Chinese vs. western culture. This possibility will need to be investigated in the future.

Another limitation warrant cautious consideration of these results. The present study was a cross-sectional study, and we did not experimentally manipulate anxiety and metacognition. It is important to recognize that the use of structural equation modeling does not automatically warrant creditability to any knowledge claim on a causal relationship. Longitudinal data would enable an estimation of the causal effects of metacognition and mathematics anxiety on word problem solving taking into account previous levels of each of these variables. We suggest that future studies could incorporate more diverse samples, providing longitudinal data, in order to verify the results of the study under more robust sampling and statistical conditions.

We also emphasize that this study only examined the structural relationship between metacognition, operationalized using a particular scale, and a particular (albeit important) form of mathematics performance, WPS. Further studies should record specific metacognitive behaviors, such as the types of strategies employed, during the solving of word problems to extend these results \[[@pone.0130570.ref082]\]. Other types of mathematics problems remain to be explored.

In that same vein, many of the correlations with WPS and with mathematics achievement scores are relatively small (see [Table 1](#pone.0130570.t001){ref-type="table"}), none exceeding .28 (about 8% variance accounted for). While significant, those values strongly suggest that additional variables---likely including cognitive, metacognitive, and affective elements---play important roles in mathematics learning and performance. Those additional variables remain to be identified.

In the present study, working memory was not tested and the study only controlled for children's intelligence score, because general intelligence is a critical control variable used for screening children with MLD, and because general intelligence here believed to represent individuals' ability to process information. General intelligence indicates a variety of cognitive variables (e.g. reasoning ability, comprehension), and many researchers have suggested that general intelligence and working memory may share common variance \[[@pone.0130570.ref083]--[@pone.0130570.ref085]\]. Future studies that control for working memory or investigate the relationship among working memory, metacognition, mathematical anxiety, and word problem solving are planned. Besides, we acknowledge that reading ability is likely to be a covariate in predicting the degree of success with word problems, beyond general intelligence. While we did account for verbal IQ, reading ability was not assessed directly. Although pictorial illustrations were supplied for each word problem to help students interpret the text, future research should either include a control group without pictorial illustrations or directly measure reading ability. Those approaches were not feasible in the present study due to constraints on access to the children.

Additionally, the scales we used to measure metacognition and mathematics anxiety are only two possible ways to evaluate the relevant variables. Other convergent measures clearly would be highly desirable. Moreover, the measures we used are ordinal, and the range of ratings available is typically limited, even though such measures are widely used in behavioral studies. Future research should attempt to explore the fine gradations of the underlying variable that are impossible to discern with the measures we employed.

We tested fourth-grade children, all around 10 years of age and found affective and metacognitive correlates of mathematics performance. Mathematics education in China begins before that age and continues through all educational levels. It seems reasonable to propose that the patterns of affective and metacognitive influences seen across school ages might vary. It would therefore be advantageous to evaluate such patterns, and developmental changes in them, in students both younger and older than those we tested.

Finally, the small number of MLD students calls for caution in interpreting the path diagram of the three variables to examine the mediating effects in MLD children. Future research will need to test those relationships with larger samples of MLD children.

Summary {#sec017}
=======

This study examined effects of two important affective and cognitive variables (i.e. mathematical anxiety and mathematical metacognition) on children's word problem solving abilities and explored the differences between four mathematics achievement groups. The results help identify the critical roles of, and relationships between, the two categories of variables in relation to children's mathematical learning. Application of these outcomes has the potential to positively influence the formulation of targeted education and intervention plans for different groups. The present study also provides theoretical support for teachers seeking to decrease the effect of student mathematics anxiety on WPS from the new perspective of metacognitive intervention training.

Supporting Information {#sec018}
======================

###### Model 3: Partially mediated model with MA as a mediator and IQ partialled out.

LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety. WPS = word problem solving. \*\*\* *p* \< .001, \*\* *p* \< .01.

(TIF)

###### 

Click here for additional data file.

###### Model 4: Fully mediated model with MA as a mediator and IQ partialled out.

LMA = learning mathematics anxiety, MEA = mathematical evaluation anxiety. WPS = word problem solving. \*\*\* *p* \< .001, \*\* *p* \< .01.

(TIF)

###### 

Click here for additional data file.

###### Fit indices for the structural equation modeling of mathematical metacognition, mathematics anxiety, and word problem solving with MA as a mediator.

(DOC)

###### 

Click here for additional data file.
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